Introduction
The Tatra marmot (Marmota marmota latirostris Kratochvíl, 1961) is an endemic subspecies of the Alpine marmot, Marmota marmota (Linnaeus, 1758), a monogamous species widespread in the Pyrenees, Alps, and Carpathians. The Tatra marmot is restricted to small mountain regions in the Western Carpathian Mountains of Slovakia, where it is considered a threatened taxon. This subspecies occupies habitat from 1500-1660 m a.s.l. to 1900-2300 m a.s.l. in the Tatra Mountains (including the Západné Tatry Mountains and the Východné Tatry Mountains) and the Nízke Tatry Mountains (Kostroň, 1965; Blahout, 1971; Halák, 1984; Chovancová, 1987; Gąsienica-Byrcyn, 1994; , 2006 Karč, 2006; Ballo, 2008 Ballo, , 2009 Bačkor, 2009 ). This subspecies inhabits only areas in the subalpine and alpine zones. Tatra marmots occupy habitats in the Tatra Mountains that are, except for forest clearings, similar to those occupied by Alpine marmots in the Alps and in the Pyrenees Herrero and García-González, 2007; López et al., 2010) . The altitudinal range of the marmot in the Tatra Mountains seems also to be similar to that in the Alps and in the Pyrenees. The entire range of occurrence of marmots is 56 km long in the Tatra Mountains (Ondruš, 2003) and approximately 26 km in the Nízke Tatry Mountains (Karč, 2006) .
The Tatra marmot is a social and territorial subspecies living in family units composed of a resident pair, subordinate adults, yearlings, and juveniles of the year (Blahout, 1971; Halák, 1984) . As well as the M. m. marmota subspecies, all the individuals in a Tatra marmot family group hibernate together in the same winter burrow and share a common home range (Blahout, 1960 (Blahout, , 1971 Barash, 1976; Arnold, 1990; Perrin et al., 1993; Allainé, 2000; Lenti Boero, 2001) .
Marmots in the Tatra Mountains are losing suitable habitat due to cessation of livestock grazing above the timberline, which allowed a further increase in dwarf pine cover. In the past, marmot habitats were not always considered when planting dwarf pine in an effort to restore the former timberline vegetation. Changes in timberline dynamics due to climate change also may be adding to a considerable increase in dwarf pine cover in the area. Climate change threatens survival of several marmot species through global warming and extreme weather events. Recent warming resulted in a movement upslope of their lower elevation boundaries (Armitage, 2013) .
Until now, research on Tatra marmots has focused on the behavioral ecology of families and colonies (cf. Blahout, 1960 Blahout, , 1971 Novacký, 1978 Novacký, , 1994 Gąsienica-Byrcyn, 2008) . Systematic and longterm research on the habitat requirements of the Alpine marmot, including the Tatra marmot subspecies, has not been performed, including studies of species habitat utilization (Allainé et al., 1994; Borgo, 2003) . The relationships between marmots and certain habitats in the Tatra Mountains remain unknown. Identifying the main habitat preferences and needs of marmots are critical to understanding, managing, and restoring habitats that can support their populations.
Habitat selection and the process of colonization have not been sufficiently explored for both the Tatra marmot and most other species of marmots. Data on habitat use are often erroneously explained as habitat selection without any analysis of utilizationavailability data Macchi et al., 1992; Sala et al., 1992) . Until now, the habitat characteristics that marmots prefer have been investigated by examining single variables, which likely do not explain much of the variance in marmot habitat preference (Allainé et al., 1994) . Habitat features may interact such that some combinations are preferred over others (Armitage, 2000) . As with other animal species, it is necessary to analyze the simultaneous effects of several habitat factors (Borgo, 2003) .
Altitude, sun exposure, sunlight duration, slope, human pressure, available food period, and soil composition are known to influence the settlement of marmots (cf. Allainé et al., 1994; Armitage, 2000; Borgo, 2003; Lenti Boero, 2003b) . Few studies have addressed the relationship between yellow-bellied (M. flaviventris) or hoary marmot (M. caligata) colonies and topographic relief or rock features (cf. Floyd, 2004; Karels et al., 2004; Svendsen, 1974 , Holmes, 1984 . Studies of the ecological niche of the Himalaya marmot, M. himalayana (Nikol'skii and Ulak, 2006) suggest that temperature and the presence of glacial and diluvial sediments are key factors influencing their distribution. Snow cover, a major environmental factor, is essential to insulate hibernation burrows from low, stressful temperatures (Armitage, 2013) .
Some studies emphasize the importance of temperature for both Alpine marmot distribution and daily activity Turk and Arnold, 1988; Melcher et al., 1990 ) and thus this factor may limit their habitat utilization. It is also known that food specialization is correlated with marmot distribution in high mountain landscapes (Bibikov, 1996) .
Characterizing species habitat using only environmental variables provides a description of the environment in which the animal lives but cannot define the relationship between the species and its habitat (M'Closkey, 1976) . Marmot preferences for certain habitat types are based on a combination of environmental factors that interact with the marmots' social systems (Allainé et al., 1994; Lenti Boero, 1995 , 2003a , 2003b . This interaction is reflected in special organization and activity distribution (Perrin et al., 1993; Lenti Boero, 2003a) . The Alpine marmot (including Tatra marmot subspecies) has two different kinds of spatial organization: isolated family groups, and colony, composed of several family groups, with a slight home range overlap (Zelenka, 1965; Blahout, 1971; Mann and Janeau, 1988) . Family members occupy a common space and distribute their activities in different parts of their home range area according to the behavior performed and to the hour of the day (Perrin et al., 1993) . The mentioned parts of home ranges we called functional areas.
Until now, the habitat preferences of the entire marmot genus have been identified by the measures, which are variable during the years of marmot occupation (population density, reproductive output, and the measurement of the home range areas) (Armitage, 2000) ; therefore, we determined an independent habitat measurement by using the functional areas.
We suggest that patterns of habitat choice are based on functional use of the area. In this paper, we characterize the combinations of selected environmental variables, which determine the location of different parts of the Tatra marmot home ranges. The aim of this study is to contribute to the understanding of marmot ecology and outline the basis for further multivariate analyses of whole marmot home ranges.
Materials and Methods

STUDY AREA
The study area was determined by the occurrence of the Tatra marmot in the mountains of the Western Carpathians (Slovakia), located in the northern part of the Carpathian mountain range (Fig. 1) .
Tatra marmots inhabit only a small area of the highest part of the Western Carpathians and represent an endemic subspecies that originated during the Quaternary period (Kratochvíl, 1964) . The study area has a cold climate (Lupin et al., 2002) , and temperature conditions are determined mainly by increasing altitude, as the temperature decreases by 0.50-0.55 °C every 100 m (Braun-Blanquet, 1964) . The precipitation conditions are variable and altitude-dependent. Precipitation increases with increasing altitude, and the average annual precipitation is 1200-1400 mm (Lupin et al., 2002) .
Localization, altitude, and aspect of the vegetation plots and marmot burrows were measured using Garmin Oregon 300 equipment (WGS-84 system), and the coordinates were transformed to the S-JTSK system. Slope was measured using a goniometer. Global positioning system (GPS) data and digital maps were prepared using Geographic Resources Analysis Support System Geographic Information System (GRASS GIS). A map of the Slovak republic (M 1:10,000; 1 pixel = 1 m) was used as a base map.
DISTRIBUTION OF SETTLEMENTS
Locations of the investigation were chosen based on previous research concerning the occurrence of the Tatra marmot in the Západné Tatry Mountains, conducted during 2004 to 2010. During that study, in total, 18,368 shelter burrows and 132 maternal burrows were precisely surveyed and GPS-located , 2006 Ballo, 2008 Ballo, , 2009 Ballo, , 2010 Ballo and Ballová, 2010) .
We have GPS-located marmot permanent trails with dug and occasional shelters among family home ranges belonging to the colony. The trails were located outside individual family territories bounded with spotting and marking points. We have suggested that Tatra marmot families share a common colony home range .
During springtime, after marmots have emerged, from 15 April to the beginning of July in 2010 and 2011, we observed 17 sites in the Tatra Mountains (Western Carpathians, Slovakia; coordinates from 49°13′08. 43″N and 19°40′01.12″E to 49°10′10.82″N and 20°02′12.86″E) , in total 408 hours of observations. Study localities were chosen to represent all habitat types and various marmot settlements (Table 1) in such a way that they were approximately evenly distributed throughout the territory of the Tatra Mountains. The types of marmot burrows, according to their functional differentiation, were identified on the basis of their morphological signatures, presence of mounds of earth, presence of feces, and presence of dry grass, according to personal observations. Functional differentiation of marmot burrows was identified for the study season.
The home range boundaries were estimated on the basis of burrows on digital maps from previous research and by using minimum convex polygon method for calculating boundaries according to the most extreme locations of the burrows and recent personal identification of the most extreme foraging points. The estimates were modified according to family territories by personal identification of spotting places, the marking sites, and the locations where agonistic interactions among individuals of different groups during reproduction period occurred.
We defined home range as the area traversed by members of one family in their normal activities of food gathering, mating, and caring for young (Burt, 1943) , burrows dwelling, and scratching. The area bounded by marking points we identified as the territory of the family group (Lenti Boero, 2002) . These areas were defended against other family members only during reproduction period in springtime.
In each family home range we distinguished four types of functional area (winter, summer and grazing areas, marmot trails) with appropriate burrow types. For summer areas we identified maternal burrows inhabited by territorial female with her litters, burrow feces deposits, and summer burrows. The adult male of each family inhabited a solitary burrow around 20 to 50 m away from the female maternal burrow and usually a few meters above it or a shared burrow with yearlings. The home burrows inhabited by non-maternal group members during summer season we denoted as summer burrows. The winter areas were characterized as sites with hibernacula and their close surroundings. Either hibernaculum or maternal burrow together with feces, multiple entrances (named as auxiliary burrows), underground system of corridors, underground nest, or hibernation chamber are parts of the main burrow system. The next types of functional areas were grazing areas with dug shelter burrows, occasional shelters under stones, and open feces deposited in meadows. Further, we identified marmot trails with dug and occasional shelters (the areas that marmots used for moving within and among home ranges).
The investigation of factors influencing burrow distribution was conducted from summer to autumn 2010 and 2011 at all 17 family home ranges. In each family home range, we chose a sample of several burrows from only one selected functional area. The sampled burrows were localized within a 50 m radius of center of each area. In the certain functional area we defined the appropriate burrow as the center. In grazing areas and trails there were shelters located in the rough middle of the area. Maternal burrows were the center for summer areas, and hibernacula for winter areas. The sampled areas were chosen in order to record all possible habitat types utilized by marmots. Therefore, we selected only one or two functional areas from each family home range. We recorded data from 5 burrow clusters for each type of functional area. In total, we had 20 burrow clusters from four types of area from 17 family sites. The number of burrows in an individual cluster was from 5 to 31. The lowest numbers were on trails and the highest numbers were in the summer territories.
In investigated functional areas we recorded topographic environmental variables expected to influence the location of the Tatra marmot burrows.
VEGETATION SAMPLING
We sampled several locations through the mountain range in order to record as many marmot utilized habitat types as possible. In total, we recorded 36 vegetation samples in 9 locations in the Tatra Mountains (Mount Grapy, Mount Salatín, Bobrovecká dolina Valley, Hlboká dolina Valley, dolina Parichvost Valley, Mount Ráz-toka, dolina Kôprovnica Valley, Mount Krížna, Mlynická dolina Valley). All of these locations were used also in the above-mentioned burrows sampling.
We established three positive and one negative 4 × 4 m quadrates (standard size for vegetation sampling of non-forest vegetation; see Chytrý and Otýpková, 2003) in each locality. Positive samples were recorded in selected functional areas (winter, summer and grazing areas, marmot trails) of each family home range (total 9 investigated home ranges with 27 positive samples) and negative plots were located outside each family home range (9 negative samples totally). The locations of these negative samples were selected in areas without obvious present and past marmot utilization.
In each family home range, the locations of positive samples were sampled in various habitats. When we recorded a sample in certain vegetation type from a grazing (or winter, summer, trail) area of one family home range, we did not record the similar sample from a grazing (or winter, summer, trail) area of another family home range. Instead, we went to the next family home range with yet unsampled vegetation. The purpose of this investigation methodology was to find marmot preferred traits of vegetation that are common in our different samples. The positive plots were situated always 50 cm above the entrance of central burrow of the area (from above burrow sampling) and the negative plots were established in a meadow 100 m away from each family home range.
All of the vegetation samples were collected according to the principles of the Zürich-Montpellier school (Braun-Blanquet, 1964; Westhoff and van der Maarel, 1978) , with frequent use of the modified 9-degree Braun-Blanquet's sampling scale (Barkman et al., 1964) . This methodology is known as a total flora approach, generally used for recording vegetation samples including information about quality and quantity of species composition. Basically the system consists of a few stages: (1) choosing uniform areas of vegetation, (2) describing these areas, (3) recording species composition, and (4) grouping units according to their affinities (Poore, 1955) . All phytosociological samples were stored in a TURBOVEG database (Hennekens and Schaminée, 2001; Schaminée et al., 2009) . Taxa that were determined only at the genus level were excluded from the numerical analysis; some species were included in more broadly defined aggregates (for general information about methodology, see Jarolímek and Šibík, 2008) . All phytosociological samples were consequently transported into the JUICE 7.0 program (Tichý, 2002) for further analyses.
DATA ANALYSIS
A data set of 435 marmot burrows, resulting from 4 different functional areas of home ranges (winter, summer and grazing areas, marmot trails) associated with 17 marmot sites, was tested. Marmot burrows were categorized by functional part of the territory and the burrow types (feces deposits in burrows-BF, open feces in meadows-OF, maternal burrows-M, hibernacula-H, summer burrows-SB, occasional shelters under stones-OS, dug shelters-DS) according to its utilization. Different types of functional areas often functionally overlapped; the hibernacula, maternal burrows, and summer burrows also overlapped. Hibernacula were occasionally inhabited in the summer season by marmots as summer or maternal burrows. In this case, one burrow was included in multiple categories.
Collected data were analyzed by indirect and direct multivariate analysis (DCA, CCA) using the CANOCO 4.5 for Windows package (ter Braak, 1988 (ter Braak, , 1990 ter Braak and Šmilauer, 2002) .
Detrended correspondence analysis (DCA) was applied for the ecological interpretation of the main gradients in the studied vegetation plots. Data were transformed by square root transformation to reduce the variance among close values (Lepš and Šmilauer, 2000; ter Braak and Šmilauer, 2002) . Average Ellenberg indicator values (Ellenberg et al., 1992) as an indirect assessment of environmental factors such as light, temperature, continentality, moisture, nutrients, and soil reaction for Central European plant species were plotted onto a DCA ordination diagram as supplementary variables to better explain the individual gradients. Considering that data about marmot utilization were collected as supplementary data to sampled vegetation plots, the functional areas of the marmot territories were passively displayed in the DCA ordination diagram. Abbreviations: a-unifamily settlement; b-bifamily settlement; c-unifamily home range of the multifamily settlement; d-multifamily settlement; e-marmot trail between summer area with maternal burrow and grazing area; f-two winter areas of two different settlements, altitude is measured for hibernacula). 
Biotopes
Siliceous grasslands al1
Siliceous snow beds al2
Calcareous grasslands al3
Siliceous tall-grass communities al6
Alpine heaths al9
Subalpine deciduous shrubs kr5
Siliceous scree sk3
Geology
Leucocratic granites kr9
Porphyritic granitoids to granites kr38
Biotitic granodiorites to tonalities with a transition to muscovite-biotite granodiorites kr55
Mica schists, mica schistose gneisses, and micaceous gneisses kr132
Gneisses, migmatitic gneisses, and migmatites kr159
Stromatolites, migmatitic gneiss kr186
Reifling limestones mt97 Glacial sediments; debris, boulders, and blocks of the retreating moraines q10
Diluvial sediments; soil and rocky debris flows q20 Diluvial sediments; sediments range from sand and rocks to boulders and blocks (debris cones, block fields, talus screes) q22 Diluvial sediments; lithofacially undifferentiated flows and debris sediments q24
Glacigenic sediments; gravel, boulders, and moraine blocks q35 The alliance comprises species-poor herb and grass communities on siliceous bedrock in the subalpine to subnivale belt usually dominated by one species. Communities of this alliance are regarded all year to strong winds, and that in winter are almost without snow cover. Short grass alpine communities are heliophilous, xero-to mesophilous, chionophobous or slightly chionophobous. They occupy wind-exposed habitats on acid to strongly acid, oligothrophic, shallow and skeleton-rich soils (Dúbravcová and Jarolímek, 2007) .
Callamagrostion villosae, Trisetion fusci
10 These alliances comprise tall herb and tall grass communities found mainly in mesophilous habitats along mountain streams and on sheltered habitats with a sufficient supply of moisture and nutrients and with thick snow cover in winter .
Festucion picturatae, Salicion herbaceae
9 Chionophilous grassland communities of fixed screes on siliceous bedrock in the alpine and subalpine belt occupied stable slope screes with long term snow cover, the bases and slopes of deep gashed glens and bottoms of glacial cirques, which are accumulating avalanche areas. These habitats are sheltered from wind and covered by thick layers of snow. Soils are of scree character, with coarse of grained skeleton, that are permeable, medium to strongly acid, humus-rich and relatively moist (Krajina, 1933; Dúbravcová, 2007) .
Nardion strictae 3 Alpine and subalpine low-stem, mat-grass communities from this alliance are natural or partly influenced by man grasslands and mountain meadows occupying relatively fresh and deep, nutrient-poor acid soils (Kliment, 2007) .
Loiseleurio-Vaccinion, Pinion mugo
6
The alliance Loiseleurio-Vaccinion comprises mainly natural, partly semi-natural, acidophilous communities of dwarf-shrub heaths dominated by ericaceous species, commonly found in the subalpine to alpine belts. They occupy predominately shallow and strongly skeletal acid soils that are found rarely on basic bedrocks and also in places with a thin layer of litter and raw humus. The communities prefer climatically extreme habitats, slopes exposed to winds, with short duration snow cover (Šibík et al., 2007) . The alliance Pinion mugo comprises dense stands of krummholz dominated by dwarf pine (Pinus mugo) (Šibík et al., 2010) .
Direct unimodal gradient analysis-canonical correspondence analysis (CCA) was applied for the examination of the relationship between marmot functional areas and environmental variables. The significance of the first canonical axis and of all canonical axes together was tested by distribution-free Monte Carlo simulation (499 permutations).
To determine the relative importance of the variables, we used forward step-wise selection during the CCA in CANOCO. The most statistically significant variables (P < 0.05) were selected among 44 categories of variables (Table 2) .
NOMENCLATURE
The nomenclature follows the checklist of Marhold and Hindák (1998) for vascular plants. The names of the taxa have been unified according to Jarolímek et al. (2008) . The biotope types and nomenclatural types of vegetation were recorded on the basis of Stanová and Valachovič (2002) , Kliment and Valachovič (2007) , and Kliment et al. (2010) .
Results
The characteristic attributes of the investigated colonies are listed in Table 1 .
INDIRECT INFLUENCE OF THE VARIABILITY OF PLANT COM-MUNITIES ON THE LOCATION OF DIFFERENT FUNCTIONAL PARTS OF HOME RANGE AREAS
We included recorded plant communities from various functional areas of the studied home ranges and outside the family territories into five groups of alliances based on their common ecological characteristics (Table 3 ).
The first two axes of the DCA diagram best explain the cumulative percentage variance of the plant communities. The percentage variance explained by the second axis was low; thus, the second axis was not readily interpretable. Axis 1 in the DCA diagram (Fig. 2) sorted marmot functional areas according to the requirements of the nutritional value of plant species occurring in the plant communities. Nutrients, moisture, and temperature are negatively correlated with light availability (Table  4) . This result is due to the higher occurrence of plant species typical for grasslands and tall herb plant communities such as Bistorta major, Deschampsia cespitosa, Ligusticum mutellina, Luzula alpinopilosa subsp. obscura, Oreogeum montanum, and Veratrum album subsp. lobelianum, and so on, with high requirements for temperature, moisture, and nutrients on the right of Figure 2 . The occurrence of summer and grazing areas in plant communities with the above-mentioned plant species is positively correlated with nutrients, moisture, and temperature and negatively correlated with light availability (Table 4) . From these results, we can see that marmots have chosen to forage in tall grasslands and tall herb plant communities that are generally well supplied by nutrients.
Vegetation samples from winter areas and trails are found on the left of Figure 2 . These samples are dominated by species that grow in nutrient-poor soils from the alliances Juncion trifidi and Nardion strictae (low-stem grasslands and dense mat-grass communities), such as Agrostis rupestris, Juncus trifidus, Nar- dus stricta, Oreochloa disticha, and others. Trails are negatively correlated with the first ordination axis, temperature, nutrients, and moisture and are positively correlated with light availability. The ordination diagram shows that trails occur mainly in the heliophilous plant communities of the alliance Juncion trifidi. Winter areas are also often located within the plant communities of the alliance Juncion trifidi. This result can be observed because these communities occupy wind-exposed habitats in acidic to strongly acidic, oligotrophic, shallow, and skeletonrich soils. Locations without marmots are negatively correlated with the first ordination axis. This is a result of the occurrence of plant species typical for the most extreme locations for marmot burrowing within the trophically least attractive communities. Marmots avoid low-stem, mat-grass communities (the alliance Nardion strictae), dense stands of krummholz dominated by dwarf pine (the alliance Pinion mugo), and dwarf shrubs with lichens (the alliance Loiseleurio-Vaccinion) (Fig. 2) .
THE DIRECT RELATIONSHIP BETWEEN DIFFERENT TYPES OF FUNCTIONAL AREAS AND ENVIRONMENTAL VARIABLES
Of the 44 tested topographic environmental variables (Table 2) included in the CCA, 20 variables were selected by forward selection as the best differentiating habitat preferences of marmot functional areas (Table 5) . Permutation tests on the trace value (0.514; F = 15.707, P = 0.002) and on the value of axis 1 (eigenvalue = 0.365; F = 181.485, P = 0.002) indicated that the variables included in the model explained a significant amount of the variation in the species data. The inertia in the species data was 1.163. Of this, the first axis explained 31.4%, and the second axis explained 9.5%. Together, the canonical eigenvalues accounted for 51.4% of the total variance. The percentage variance explained by the second axis was low; thus, the second axis was not readily interpretable. The cumulative percentage variance of species-environment relation is 71% (axis 1) and 21.6% (axis 2), and it expresses the amount of inertia explained by our axes as a fraction of the total explainable inertia. Thus, the first two axes taken together display more than half of the variation that could be explained by the variables.
There are two dominant factors (or at least, two factors related to variables we measured) controlling distribution of functional areas: one is related to convex and reinforced rock forms versus surface without sediments and significant curvature, and the other is related to alpine and subalpine meadows conditions. In other words, two dominant factors are good living and good grazing conditions. The first axis is highly positively related to the edge (mountain ridge) and biotic granodiorites and less positively related to the scree, stromatolites, migmatitic gneiss, and bottomland (there are meadows with possibility of shelter in these conditions). Significant and highly negative correlations (P < 0.05) were found between the first axis and the convex geomorphic features, gentle slope, debris cone, and deep gorge (Table 6) .
Marmot functional areas were sorted along the first axis according to the reliance on the gradient of the relief structure and the surface curvature. Trails and grazing areas correlated with features suitable only for the building of temporary shelters are on the right of the diagram, and summer and winter areas associated with features suitable for permanent burrows are displayed on the left of the ordination diagram (Fig. 3) . The CCA shows that the summer and winter areas with the main burrow systems (maternal, hibernation and summer burrows with auxiliary burrows and burrow feces deposits) are associated with different types of sediment accumulation down the sides of glacial gorges. These features have a stable structure on the aboveground surface and relatively stable microclimatic conditions inside. 
Discussion
Considering that almost all marmot species except M. monax are highly social animals (Armitage, 1996; Armitage and Blumstein, 2000) ; and all marmot species have the same characteristic pattern of habitat use (Armitage, 2000) ; and also the capability of the marmots to maintain stable home ranges across years is unique in the genus Marmota (Lenti Boero, 2003a) , this study contributes to the understanding of the entire marmot genus habitat utilization.
We predict that functional areas of home ranges are associated with distinct habitat types and topography, each of which is linked to a distinct plant community. Different functions imply different characteristics; diverse burrow utilization is a consequence of the variable structure of burrows and of intrinsic characteristics that may be appraised by marmots (Lenti Boero, 2003a) .
To study the habitat utilization of Tatra marmots, we focused on microhabitats in their space use. Our objective was to evaluate the influence of combinations of environmental factors on the location of different functional areas of marmot home ranges appraised by the marmot's own utilization and the function of different burrow types.
The microhabitat utilization of Tatra marmots is associated with the interaction of food availability, breeding conditions and hibernation conditions. Thus, the most important parts of home ranges, even in other marmot species, are the foraging areas and main burrow system, especially hibernacula (Bibikov, 1996; Armitage, 1991) . The adequate nutritious food (cf. Holmes, 1984; Armitage, 2000) and hibernacula are a limiting factor to the expansion of marmot populations (Svendsen, 1976; Lenti Boero, 1996 Arnold et al., 1991) .
Vegetation is one of the main components of marmot habitats. In addition to food, vegetation provides living conditions for marmots as a protection from predators (Holmes, 1984; Carey, 1985; Carey and Moore, 1986 ) and a material for stuffing their burrows (cf. Svendsen, 1976; Armitage, 2003) . According to our study, the variability of plant communities has an indirect influence on the localization of different functional areas and different burrow types in Tatra marmots (Fig. 3, Table 4 ). We suggest that plant communities are also an indicator of important ecological factors for building maternal and hibernation burrows and Tatra marmot distribution.
The diet of Tatra marmots is mainly composed of grasses and forbs, which are eaten selectively (Chovancová and Šoltésová, 1988; Karč, 2006) . The forbs are a major food of choice of marmots, and grasses are eaten in part because of availability (Armitage, 2000) . The results of the previous studies of the food selectivity of the M. marmota latirostris subspecies (Chovancová and Šoltésová, 1988; Karč, 2006;  Table  7 ) agree with our findings that marmots choose to forage in tall-stem grasslands and tall herb plant communities from the alliances Calamagrostion villosae and Trisetion fusci. On the contrary to our findings, Carey and Moore (1986) found that the preference for foraging areas in yellow-bellied marmots was negatively correlated with dense, high vegetation. In habitats with tall vegetation, marmots must increase their vigilance time when foraging and reduce the rate of food intake. These results may be interpreted as adaptive behavior integrating the simultaneous demands of food ingestion and predator avoidance (Carey, 1985) .
In some marmot species, such as hoary, Olympic, and yellow-bellied marmots, it was found that they cannot simply confine all feeding to small areas near burrows or rock slides (cf. Barash, 1973; Johns and Armitage, 1979; Holmes, 1984) . The marmots must move away from these "safe" areas and consequently become more vulnerable to predators (cf. Barash, 1973; Johns and Armitage, 1979) . Predation risk and vegetation distribution influenced the location of foraging areas of yellow-bellied marmots (Frase and Armitage, 1984) . We found that Tatra marmots forage mainly on pastures that are not the part of the summer or winter area within the main burrow systems. Their grazing areas were mostly situated in periphery of family home ranges. Holmes (1984) verified the direct role of food availability on patch use in hoary marmots. Utilization of habitat patches by M. flaviventris in California was explained by high food biomass (Carey, 1985) . However, food is not the only determinant of patch use.
Nevertheless, the key for understanding the foraging area pattern might be alimentary choice, which remains poorly understood in the Alpine marmot (Lenti Boero, 2003a) . Food choice may be based on protein (Frase and Armitage, 1989) or essential fatty acid (Florant, 1998) 
Grazing areas have an important role in the localization of the whole Tatra marmot settlements. This fact explains the correlation of locations without marmots with trophically less attractive plant communities from the alliances Nardion strictae, Loiseleurio-Vaccinion, and Pinion mugo.
Food consumption and assimilation may be related to cellulose content. Alpine marmots from the Natural Park Orsiera Rocciavre (Western Alps) were absent from meadows where the predominant plants were Nardus stricta, Carex sempervirens, C. curvula, and Sesleria sp. with high cellulose content (Vita, 1992) . Similarly, the tarbagans (M. sibirica) avoid high cellulose content in plants and thereby in the first half of the active season they eat grasses and some herbs, and in the second half, mainly herbs. Habitats dominated by grasses are less favorable (Seredneva, 1991) . Our results also show that the winter areas in the Západné Tatry Mountains are often located within the plant communities of the alliance Juncion trifidi usually dominated by one species (e.g., Juncus trifidus, Agrostis rupestris, Oreochloa disticha, Festuca supina) . These communities are exposed to strong winds throughout the year, and during winter, they are almost without snow cover (Dúbravcová and Jarolímek, 2007) .
The occurrence of hibernacula in the plant communities of the alliance Juncion trifidi in the Západné Tatry Mountains is likely linked to both marmot-preferred convex geomorphic features (various cones and ridges of the terrain), which are due to their structure being suitable for the construction of permanent burrows, and the possibility of unrestricted views of the area due to the short grasses. Short-stem herb and grass communities of the alliance Juncion tri- fidi are rather species poor; despite that fact, they produce a greater biomass of marmot-grazed grass, and include more of the marmots' preferred plant species (Chovancová and Šoltésová, 1988) . Compared to the above-mentioned communities, marmot avoided plant communities of the alliance Loiseleurio-Vaccinion that are also composed of low-lying plant species and include nonpreferred dwarf shrubs and heaths with lichens. Notwithstanding, all of these communities prefer climatically extreme habitats, slopes exposed to winds, and a short duration of snow cover (Šibík et al., 2007) . In accordance with these findings, and Lenti Boero (1999) suggested that Alpine marmots avoid woods as well as heaths of Vaccinium species. Sites with high percentages of woody species such as Pinus uncinata were inhabited by marmots in Pyrenees with the lowest probability (López et al., 2010) . Similarly to this study, the most avoided habitats in the Tatra Mountains are dense stands of krummholz dominated by dwarf pine (Pinus mugo). The summer areas of Tatra marmots in the Vysoké Tatry Mountains occur most frequently within the plant communities from the alliances Festucion picturatae and Calamagrostion villosae (Chovancová and Šoltésová, 1988) . According to our results, the summer areas with maternal and summer burrows in the Západné Tatry Mountains are often located near the chionophilous grassland communities of fixed screes on siliceous bedrock (alliance Festucion picturatae) and within the chionophilous communities of snow beds and snow fields (alliance Salicion herbaceae). These communities grow in habitat conditions that are suitable for building the main burrow systems.
Even relatively common vegetation types in mountain regions are very important for the determination of the locations of different functional areas of the family home range and, thus, for the location of a family home range as a whole.
As previously mentioned, the most important factor influencing the locations of the different functional areas is the gradient of the georelief structure. The presence of geomorphic forms, due to their structure and features suitable for permanent burrows, is important for the localization of family summer and winter areas. The location of Tatra marmot burrows types is significantly influenced by the presence of convex geomorphic features and different types of rocky sediments. Hoary marmots' main burrows are predominantly in talus patches, which provide shelter from predators and weather (Karels et al., 2004) . In many cases the lower parts of talus cones constitute "blockfields" of large angular blocks, and there can be cavities among these blocks (Åkerman, 1984) . Cavities are characterized by relatively stable climatic conditions suitable for marmot hibernation and maternity chamber. Some marmot species use talus slopes and rocks located in openings with herbaceous vegetation for lookouts, for sunning, and to burrow beneath. The taluses that are composed of rocks of similar size mixed into the soil appear to be used for yellow-bellied marmot burrow support (Svendsen, 1974) . Talus slopes are usually susceptible to strong winds all year, and in winter, these slopes are almost without snow cover; thus, in the Západné Tatry Mountains, they are occupied by the communities from the alliance Juncion trifidi (Dúbravcová and Jarolímek, 2007) . Despite the above fact, the inside climatic conditions are favorable for Tatra marmot utilization throughout the year.
There is little, if any, food within talus patches, and marmots must therefore forage in the adjacent meadows. When aboveground, hoary marmots (Marmota caligata) spent 26% of their time on the talus. The rest of their time (74%) was spent in the adjacent meadows (Karels et al., 2004) .
Summer and winter areas with permanent burrows are, apart from convex geomorphic features and debris cones, also associated with glacial sediments on the left part of the ordination diagram. The Tatra Mountains are mostly covered with moraine sediments and different rock fragments resulting from slope processes. Moraine accumulations are located only on the bases of valleys. Debris flows can transport a considerable amount of angular fragments released by weathering, which are deposited at the foot of rock walls to form a continuous cover of debris cones (Lukniš, 1973) . Due to the preference of reinforced rock forms, the main burrows of Tatra marmots are often found on the surface moraine covering, and it is conceivable that the corridors of their burrows lead inside the moraine accumulations. Rock promontories are apparently important habitat features for surveillance activities in marmots, presumably for the increased field of view that larger rocks provide (Tyser, 1980) . Some open meadows with an abundance of large boulders support marmots. At sites where suitable rocks are numerous, yellow-bellied marmots have had excavated burrows beneath nearly every rock (Svendsen, 1974) .
Grazing areas are a very important part of Tatra marmot home ranges and have an important role in the localization of all functional areas (Ballová et al., 2012) . Thus, marmots in the Tatra Mountains often situate their summer and winter areas (strongly associated with the location of main burrow systems, hibernacula, and feces deposits) in the sites where they can graze. The most preferred areas for grazing (grasslands and tall herb plant communities) also include moist habitats with deeper soils and mountain meadows on exposed slopes prone to soil erosion caused by the avalanches. This environment is suitable for the building of temporary shelters only. Concomitant with increased feeding is the intense construction of shelter burrows in hoary marmot that presumably reduce the risk of feeding (Holmes, 1984) .
Conclusions
The output analysis and field observations show that environmental factors do not directly determine the functional differentiation of Tatra marmot burrows but affect the structure and location of burrows in respect to their regular function.
Taken together, the previously mentioned studies confirm that marmots select their habitats according to multi-component strategies in which factors may vary in their importance, as previously mentioned by Allainé et al. (1994) . We can conclude that the main factor that determines the Tatra marmot microhabitat utilization is the microtopography of their living area. This paper presents a study based on a combination of environmental factors that interact with the marmot spatial organization and contributes to the understanding of the marmot microhabitat utilization.
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